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$IXOODQDO\VLVRIWKH GHSOR\PHQWDQGLPSDFWRI3+(9VUHTXLUHVWKDWWKH\PXVWEHFRQVLGH UHGLQ WKH FRQWH[W R I
IXWXUHFOLPDWHSROLFLHVDQGWKHLULPSDFWRQIXHOVDQGWHFKQR ORJLHVXVHG LQ WKHHOHFWULFJHQHUDWLRQVHFWRULQFOXGLQJWKH
SRWHQWLDODGRSWLRQRIFDUERQGLR[LGHFDSWXUHDQGVWRUDJH&&6WHFKQRORJLHVV HH&ODUNHHWDO>@ IRUDGHVFULSW LRQ
RI0LQL&$0 WHFKQRORJ\ DVVXPSWLRQV XVHG LQ WKLV DQDO\VLV   )RU WKLV SDSHUZH KDYH FRQVLGHUHG  WZRK\SRWKHWLFDO 
HPLVVLRQUHGXFWLRQSROLFLHV&DUERQ3HUPLW3ULFH3DWK &3 DVVXPHV WKDW DK\SRWKHWLFDO FDUERQSULFH LV DSSOLHG
XQLIRUPO\DFURVV WKHHFRQRP\ EHJLQQLQJ LQ  DW WRQ&2  ULVLQJ LQ UHDO WHUPV DW  SHU \HDU UHDFKLQJ
WRQ&2 LQ  7KH &DUERQ 3HUPLW 3ULFH 3DWK  &3 VFHQDULR DVVXPHV WKH VDPH VWDUWLQJ SULFH RI WRQ
&2LQ EXWHVFDODWHVDWDKLJKHUSHU\HDUUHDFKLQJ WRQ&2LQ7KHVHWZRK\SRWKHWLFDOSROLFLHV




)RU WKLV DQDO\VLV ZH PRGHO 3+(9 RSWLRQV IRU ERWK SDVVHQJHU DXWRPRELOHV DQG OLJKWGXW\ WUXFNV 7R EH
FRQVHUYDWLYH DERXW 3+(9 HFRQRPLFV ZH KDYH DVVXPHG WKH DYHUDJH HIILFLHQF\ RI WUDGLWLRQDO LH QRQ SOXJ LQ
JDVROLQHIXHOHGYH KLFOHVZLOOFRQWLQXHWRL QFUHDVH LQSDUW WKURXJK WKHXVH RIK\EULG HOHFWUL F GULYH WUDLQV :HKDYH
DVVXPHGKHUH WKDW 3+(9RSHUDWLRQZLOO RQDYHUDJH DOORZ  RI WKH PLOHV GULYHQ WR EH SRZHUHG E\ HOHFWULFLW\
ZLWKWKHUHPDLQLQJVWLOOIXHOHGE\JDVROLQH7KHVH IXHO IUDFWLRQV DUH FDOFXODWHG IURPGDWDRQGULYLQJKDELWV LQ
'DYLV DQG'LHJHO >@ ZLWKDVVXPSWLRQVDERXWWKHSUREDELOLW\GLVWULEXWLRQRIGDLO\GULYLQJGLVWDQFHVDQGD PLOH
HOHFWULF RQO\ UDQJH IRU DQ\ GD\ 3+(9 QRQ IXHO FRVWV DUH DOVR DVVXPHG  WR EH  KLJKHU LQ HDUO\ WLPH SHULRGV
UHSUHVHQWDWLYH RI D  FRVW SHQDOW\ IRU D K\EULG GULYHWUDLQ  >@ DQG D  FRVW SHQDOW\ IRU H[WUD EDWWHULHV 7KHVH 
KLJKHU FDSLWDO FRVWV DUH DOVR DVVXPHG WR LQFOXGH DQ\ DGGLWLRQDO FRVWV DVVRFLDWHG ZLWK FKDUJLQJ LQIUDV WUXFWXUHV %\
WKHK\EULGGULYHWUDLQFRVWSHQDOW\QRORQJHUDSSO LHV )LQDOO\RXUPRGHODVVXPHVWKDWFXUUHQWRLOSULFHVZLOOQRW




VKDUHVIRUWHFKQRORJLHVDQGIXHOVIRUSDVVHQJHUWUDQVSRUWDWLRQDUHEDVHGRQHFRQRPLFV*LYHQ WKH DVVXPSWLRQV DERXW
YHKLFOH FDSLWDO FRVWV DQG IXHO UHTXLUHPHQWV DORQJ ZLWK PRGHO GHWHUPLQHG HQHUJ\ DQG HPLVVLRQV SULFHV WKH PRGHO







7KLVVHHPVDUHDVRQDEOHDVVXPSWLRQDVLWVHHPVFOHDU WKDWP RUHDQGPRUHDXWRPRELOHVDQGOLJKWGXW\ WUXFNV ZLOO LQFOXGH K\EULG V\VWHP V 
6HHIRUH[DPSOH0DWWKHZ'RODQ³7R\RWDWR0DNH+\EULG(QJLQH$YDLODEOHRQ$OO,WV0RGHOVE\´ 7KH:DOO6WUHHW-RXUQDO$XJXVW 

7KHGHFLVLRQ WRXVH WKHVH IXHOSULFHVZDV LQWHQWLRQDO DQGZDVGHVLJQHG WRKHOS HQVXUH WKDWSHQHWUDWLRQ UDWHVRI3+(9V LQ WKHPRGHOZHUH
FRQVHUYDWLYH 7KDW LV LI UHFHQWEEORLO SULFHV ZHUH H[WUDSRODWHG IRUZDUG DFURVV WKH WLPHSHULRG VWXGLHGKHUH LWZRXOGKDYH WKH HIIHFWRI
PDNLQJ3+(9VHYHQPRUHHFRQRPLFDOO\DWWUDFWLYH
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:H KDYHPRGHOHG WKH LQWURGXFWLRQ RI 3+ (9V LQWR WKH 86 HFRQRP\ IURP WKH SUHVHQW WR  XQGHU WKH &3 
KHUHDIWHU&33+(9DQG&3 &33+(9FOLPDWHVFHQDULRVDVZHOODVXQGHUD QRFOLPDWHSROLF\ UHIHUHQFHFDVH
5HIHUHQFH&DVH3+(9 ,QRUGHUWREHWWHUXQGHUVWDQGZKLFKFKDQJHVWRWKHHQHUJ \VHFWRUDUHDWWULEXWDEOHWR WKH
LQWURGXFWLRQ RI 3+(9V ZH KDYH DOVR PRGHOHG WKHVH VDPH VFHQDULRV ZLWKRXW WKH LQWURGXFWLRQ RI 3+(9V   7KH
VFHQDULRVLQZKLFK3+(9VGRQRWGHSOR\DUHKHUHDIWHU UHIHUUHGWRDV&3&3DQG5HIHUHQFH&DVH)LJXUHVKRZV








































$VFDQEHVHHQIURP)LJXUH3+(9VDUHHFRQRPLFDOO\DWWUDFWLYHHYHQLQWKHQR FOLPDWHSROLF\ 5HIHUHQFH&DVH 
,Q WKH5HIHUHQFH&DVH3+(9VJDUQHUDSSUR[LPDWHO\RI WKHPDUNHWIRUDXWRPRELOHVDQGOLJKW WUXFNVE\ 
7KHLQWURGXFWLRQRIHLWKHUWKH&3RU&3FOLPDWHSROLF\KHOSV WRERRVWWKHPDUNHWVKDUHRI3+(9VVRPHZKDWRYHU
E\ KRZHYHU WKHLPSRVLWLRQRIWKHFOLPDWHSROLF\LWVHOIGRHVQRW  LQDQGRI LWVHOI VLJQLILFDQWO\ ERRVW WKH
PDUNHWSHQHWUDWLRQRI3+(9V DVPRGHOHGKHUH7KHUHDUHVHYHUDOUHDVRQVIRUWKLV UHVXOW )LUVWDVVXPLQJWKH3+(9
WHFKQRORJ\ DQG LQIUDVWUXFWXUH DUH VXFFHVVIXO DQG FRVW HIIHFWLYH WKH KLJK HQHUJ\ HIILFLHQFLHV RI WKH 3+(9V PHDQV
WKH\ ZRXOG QRW QHHG D FOLPDWH SROLF\ WR EH FRPSHWLWLYH 7KHUHIRUH VLJQLILFDQW PDUNHW VKDUH LV JDLQHG LQ WKH
5HIHUHQFH&DVH6HFRQG WKH FOLPDWH SROLFLHVGRLQFUHDVHWKHSHQHWUDWLRQRI3+(9VDV WKHFRVWRIHOHFWULFLW\ ZKLFK
KDVORZ FDUERQJHQHUDWLQJRSWLRQV LQFUHDVH VOHVVWKDQWKHFRVWRIJDVROLQH$V D IRVVLO IXHO JDVROLQHPXVWEHDUWKH 
&2SULFHGLUHFWO\ +RZHYHU WKLV UHODWLYH FRVW GLIIHUHQFH LV OHVV WKDQ WKH GLIIHUHQFH EHWZHHQWKHWHFKQRORJLHVLQWKH
5HIHUHQFH &DVH  %HFDXVH ZH DUH DVVXPLQJ WUDGLWLRQDO QRQ SOXJ LQ YHKLFOHV DUH DOVR LPSURYLQJ IXHO HIILFLHQF\ DV

&XUUHQWIOHHWHIILFLHQFLHVDUHWDNHQIURPWKH2DN5LGJH7UDQVSRUWDWLRQ(QHUJ\'DWD%RRN7('% >@3+(9HIILFLHQFLHVDUHFRPSXWHGIURP
.LQWQHU0H\HU >@,QLWLDOUHODWLYHFRVWHVWLPDWHRI3+(9VDUHFRPSXWHGIURP/LSPDQHWDO >@3OHDVHUHIHUWRWKHVHVRXUFHVIRURULJLQDOGDWD 

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WLPHPRYHVIRUZDUG  DSULFHRQ&2 HPLVVLRQVDW WKHSRLQWRIHQG XVHIRUDYHKLFOH LVDVPDOOHUSDUWRIWKHRYHUDOO 
FRVWRIRZQLQJRURSHUDWLQJWKDWYHKLFOH )LQDOO\RXUDVVXPSWLRQWKDWRIWKHPLOHVGULYHQE\WKH3+(9V DUHVWLOO
IXHOHG E\ JDVROLQH DOVR WHQGV WR GDPSHQ WKH UHODWLYH FRVW GLIIHUHQFH 8QGHU DKLJKHU&2 SULFH WKHUH ZRXOG EH




$V ZRXOG EH H[SHFWHG WKH LQWURGXFWLRQ RI HFRQRPLFDOO\ FRPSHWLWLYH 3+(9V LQFUH DVHV WKH RYHUDOO GHPDQG IRU
HOHFWULFLW\ %\  HOHFWULFLW\ GHPDQG LQ WKH 5HIHUHQFH & DVH ZLWK 3+(9V YHUVXV WKH 5HIHUHQFH & DVH LV
DSSUR[LPDWHO\  ODUJHU &RPSDULQJ DFURVV WKH&3 DQG &3 FDVHVZLWK DQGZLWKRXW 3+(9V UHVXOWV LQ VLPLODU
LQFUHDVHG GHPDQG IRUHOHFWULFLW\RIDJDLQDERXWRYHU WKHFDVHZKHUH3+(9VGRQRWGHSOR\ +RZHYHUWKHZD\
LQZKLFKWKLVLQFUHDVHGGHPDQGIRUHOHFWULFLW\LVPHWFKDQJHVGXHWRWKHLPSRVLWLRQRIWKHFOLPDWHSROLF\DQGZKHWKHU
WKH3+(9 ORDG LV SUHVHQW  )LJXUH  VKRZV8 6 HOHFWULFLW\ JHQHUDWLRQ DQG HOHFWULFLW\ VHFWRU &2HPLVVLRQV IRU WKH
PRGHOHGVFHQDULRV 

,Q WKH WZR5 HIHUHQFH &DVHV WKH 86 HOHFWULFLW\ VHFWRU FRQWLQXHV WR UHO\ SUHGRPLQDQWO\ RQ FRDO DQG  WR D OHVVHU 
H[WHQW QXFOHDU SRZHU QDWXUDO JDV DQG UHQHZDEOHV 7KDW LV  LQ WKH DEVHQFH RI D FOLPDWH SROLF\  WKH HOHFWULFLW \
JHQHUDWLRQ V\VWHP RI  GRHV QRW ORRN VXEVWDQWLDOO\ GLIIHUHQW WKDQ WKDW ZKLFK H[LVWV WRGD\ 7KH LQFU HDVHG
HOHFWULFLW\ ORDG GHPDQGHG E\ WKH 3+(9V LVPHW WKURXJK D FRPELQDWLRQ RI QHZ EDVHORDG QDWXUDO JDV ILUHG SRZHU
SODQWV QHZ QXFOHDU SRZHU SODQWV DQG D FRPELQDWLRQ RI FRDO ILUHG LQWHJUDW HG JDVLILFDWLRQ FRPELQHG F\FOH ,*&& 
DQG QHZ FRQYHQWLRQDO FRDO SRZHU SODQWV  :KLOH UHQHZDEOH DQG ELRPDVV SRZHU LQFUHDVH EHFDXVH RI LQFUHDVHG
HFRQRPLF FRPSHWLWLYHQHVVRI WKHVH HQHUJ\ WHFKQRORJLHV EHWZH HQ QRZ DQG  WKH JURZWK LQ ORDG FDXVHG E\ WKH





































































)LJXUH86(OH FWULFLW\*HQHUDWLRQOHIWKDQGSDQHO DQG5HVXOWLQJ&2 (PLVVLRQV ULJKW KDQGSDQHO ±
)URP)LJXUH ZHVHH WKDWZKLOH3+(9VGR LQFUHDVH WKHDPRXQWRIHOHFWULFLW\JHQHUDWHG LH HOHFWULFLW\XVDJH LQ
5HIHUHQFH&DVH3+(9LVKLJKHUWKDQLQWKH5HIH UHQFH FDVH DQG HOHFWULFLW\ XVH LQ&33 +(9 DQG &33+(9 DUH
KLJKHU WKDQWKHFRUUHVSRQGLQJ&3DQG&3FDVHV WKHLPSRVLWLRQRIWKHFOLPDWHSROLFLHV&3DQG&3GZDUIVDQ\
LPSDFW WKLV LQFUHDVHGGHPDQGKDVRQHOHFWULFVHFWRU&2HPLVVLRQV8QGHUWKH5HI HUHQFH&DVH3+(9VGRLQFUHDVH
HOHFWULF VHFWRU HPLVVLRQV VRPHZKDW ,Q WKH &33+(9 FDVH WKH LQFUHDVH LQ&2 HPLVVLRQV FRPSDUHG WR WKH&3
FDVHLV VPDOODQGLVFHUWDLQO\PXFKOHVVWKDQWKHLQFUHDVHLQ&2HPLVVLRQVFDXVHGE\WKHLQWURGXFWLRQRI3+(9VLQD
ZRUOGZLWKQRFOLPDWHSROLF\, QWKH&33+(9FDV H WKH LQFUHDVH LQ HOHFWULFLW\ VHFWRU &2HPLVVLRQV HYHQLQWKH
IDFHRIODUJHUSHQHWUDWLRQRI3+(9VLQWKHWUDQVSRUWDWLRQVHFWRULV QHJOLJLEOHFRPSDUHGWRWKH&2 HPLVVLRQVLQWKH 
&3FDVH7KHNH\ILQGLQJK HUHLVWKDWWKHLPSRVLWLRQRIFOLPDWHSROLFLHVRQWKH OHYHORI &3 DQG HVSHFLDOO\ &3
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 $XWKRUQDPH (QHUJ\3URFHGLD  ±  
HVVHQWLDOO\ GHFDUERQL]HV WKH HOHFWULFLW\ VHFWRU E\  &RQVHTXHQWO\ DGGLQJ DGGLWLRQDO ORDG IRU WKH 3+(9V ZLWK
WKHXQGHUVWDQGLQJ WKDW VRFLHW\ ZLOOEHIDFLQJ&3RU&3ZLOOEHPHWE\ORZRUQRFDUERQHPLWWLQJJHQHUDWLRQXQLWV 

)LJXUH VKRZVWKH&2HPLVVLRQVWKDWFRPHGLUHFWO\IURPWKHWDLOSLSHIURPEXUQLQJOLTXLGIXHOV PRVWO\JDVROLQH
GHULYHGIURPRLO LQSDVVHQJHUWUDQVSRUWDWLRQRQWKHOHIWDORQJZLWKWKHFRUUHVSRQGLQJOLTXLG IXHOFRQVXPSWLRQ LQWKH
ULJKWSDQHO  7KH UHVXOW WKDW VWDQGV RXW KHUH LV WKH YHU\ VPDOO LPSDFW WKH FOLPDWH SROLFLHV E\ WKHPVHOYHV KDYH RQ
HPLVVLRQV DQG OLTXLG IXHO FRQVXPSWLRQ IRU SDVVHQJHU WUDQVSRUWDWLRQ LH&2 HPLVVLRQV  IURP WKH WUDQV SRUWDWLRQ
VHFWRUDQGRLOXVHLQ&3DQG&3DUHQRWVLJQLILFDQWO\ORZHUWKDQ WKRVH LQWKH5HIHUHQFH&DVH2QH UHDVRQ LV WKDW
WKLV GHPDQG LV H[WUHPHO\ SULFH LQHODVWLF 7KH QHHG IRU SHUVRQDO WUDQVSRUWDWLRQ LV QRW GLVFUHWLRQDU\ 3HUKDSVPRUH
LPSRUWDQW EHFDX VH RI DOO WKH FRVWV LQYROYHG LQ SURFXULQJ UHILQLQJ DQG GLVWULEXWLQJ JDVROLQH WKH FDUERQ WD[ KDV D
UHODWLYHO\ ORZ UHODWLYH LPSDFW RQ UHWDLO J DVROLQH SULFHV )RU H[DPSOH LW WDNHV DERXW WRQQH &2 WR LQFUHDVH
JDVROLQHSULFHVE\JDOORQ OHVVWKDQLQFUHDVHVVHHQUHFHQWO\LQWKH 8QLWHG 6WDWHV ,QVWHDGZKDW LVQHHGHGWREULQJ
DERXW UHGXFWLRQV LQ RLO FRQVXPSWLRQ DQG WUDQVSRUWDWLRQ VHFWRU &2HPLVVLRQV LV DQ DOWHUQDWLYH WHFKQRORJ\ VXFK DV
3+(9 LH &2  HPLVVLRQV IURP WKH WUDQVSRUWDWLRQ VHFWRU DQG RLO XVH LQ &33+(9 DQG &33+(9 DUH
























































































)LJXUH 7UDQVSRUWDWLRQ 6HFWRU'LUHFW7DLOSLSH &2(PLVVLRQVOHI WKDQGSDQHODQG'HPDQGIRU/LTXLG)XHOULJKW KDQGSDQHO ±
)LJXUH  VKRZV WKH PRGHO UHVXOWV IRU WKH PL[ RI WHFKQRORJLHV DQG IXHOV XVHG WR JHQHUDWH HOHFWULFLW\ XQGHU WKH
FOLPDWH SROLF\ FDVHV$VFDQEHVHHQIURP)LJXUH WKH86HOHFWULFLW\VHFWRU UHVSRQGV WR WKHSROLFLHVE\SKDVLQJRXW
WKHXVHRI IRVVLO IXHOZLWKYHQWLQJRI&2 HPLVVLRQV WR WKH DWPRVSKHUH8QGHUWKHVSHFLILFW HFKQRORJ\ DVVXPSWLRQV
XVHG IRU WKHVH VFHQDULRV D VLJQLILFDQW FRPSRQHQW RI WKH UHVSRQVH LV WKH ODUJH JURZWK LQ DGYDQFHG*HQ ,,, QXFOHDU
SRZHU²WKRXJK SDUWLDOO\ WR UHSODFH UHWLULQJ *HQ ,, UHDFWRUV²EXW DOVR WR H[SDQG RYHUDOO QXFOHDU JHQHUDWLRQ  ,Q
DGGLWLRQ WKHUHLVDODUJHLQFUHDVH LQ UHQHZDEOHHQHUJ\DQG&2SULFHV UHDFKVXIILFLHQW OHYHOV WKDWJDV&&6EHFRPHV 
FRPSHWLWLYH IRU LQWHUPHGLDWH ORDG8QGHU WKHVH VFHQDULRV FRDO ILUHG HOHFWULFLW\ JHQHUDWLRQ VHHVDJUDGXDO G HFUHDVH
7KHDGGLWLRQDOORDG GHPDQGHGE\ WKH3+(9VKHOSVWROHVVHQWKHGHFOLQHLQFRDO ILUHGJHQHUDWLRQ DVZHOODV LQFUHDVH
QXFOHDU DQG UHQHZDEOHV  +RZHYHU WKHUH DUH SODXVLEOH VFHQDULRV LQ ZKLFK HLWKHU QX FOHDU RU UHQHZDEOH GHSOR\PHQW
FRXOGEHKLJKHURUORZHUWKDQVKRZQKHUHDQGFRDOXVHZRXOGE HFRUUHVSRQGLQJO\ORZHURU KLJKHU WKDQVKRZQKHUH
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)LJXUH,PSDFWRI&OLPDWH3ROLFLHVRQ8 6 (OHFWULF*HQHUDW LRQ0L[ (-\HDU 
7KH LQFUHDVHGDQGHDUOLHU LQWURGXFWLRQRI&&6 WHFKQRORJLHV IURP3+(9V SUHVHQ FHLPSOLHVDQLQFUHDVHGGHPDQG
IRU GHHS JHRORJLF &2 VWRUDJH UHVHUYRLUV )LJXUH  VKRZV WKH G HPDQGIRUJHRORJLF&2  VWRUDJH UHVHUYRLUV IRU WKH
IRXUFOLPDWHSROLF\VFHQDULRVH[DPLQHGKHUH7KHGHPDQGIRU&2VWRUDJHDFURVVWKHVHIRXUVFHQDULRVUDQJHVIURP
DSSUR[LPDWHO\0W&2WR0W&2E\7KLVGHPDQGLVZHOOZLWKLQWKHWKHRUHWLFDOVWR UDJHFDSDFLW\RI
WKH8QLWHG 6WDWHV ZKLFKFRXOGEH LQH[FHVVRI0W&2>@:KDWLVSHUKDSVPRVWVXUSULVLQJDERXW)LJXUH
 LV WKH UHODWLYHO\ VPDOO LQFUHPHQWRI&2 VWRUDJH VSDFH UHVXOWLQJ IURP WKH ODUJH SHQHWUDWLRQ RI 3+(9V PRGHOHG 
KHUH,QWKH& 3FDVH WKH FXPXODWLYHGHPDQG IRU&2  VWRUDJH IURP WKH HOHFWULF VHFWRU LV0W&2ZKLOHLQWKH 
&33+(9FDVH WKHFXPXODWLYH WRWDO&2VWRUDJHGHPDQGIRUWKH86 HOHFWULF VHFWRU LV 0W&2,Q WKH&3
FDVH WKH FXPXODWLYH GHPDQG IRU JHRORJLF &2 VWRUDJH LV  0W&2 ZKLOH LQ WKH &33+(9 FDVH WKH
FXPXODWLYH GHPDQG RXW WR  LV DSSUR[LPDWHO\  0W&27KH DGGLWLRQDO GHPDQG IRU JHRORJLF&2VWRUDJH
FUHDWHGE\WKHLQWURGXFWLRQRIWKH3+(9VLVDSSUR[LPDWHO\HTXDOWRWKHFXPXODWLYHJHRORJLF&2VWRUDJHGHPDQGHG




4360 M. Wise et al. / Energy Procedia 1 (2009) 4355–4362










































































)LJXUH&XPXODWLYH'HPDQGIRU *HRORJLF&2 6WRUDJHDFURVV )RXU6FHQDULRV 0W&2 
&RQFOXVLRQV
 %HFDXVHRI WKHVLJQLILFDQWO\KLJKHUHIILFLHQFLHVRI WKH3+(9VFRPSDUHGWR WKH LQWHUQDOFRPEXVWLRQHQJLQHVWKH\
DUH UHSODFLQJ3+(9VPD\EHDQHFRQRPLFPHDQVRI UHGXFLQJGLUHFW&2HPLVVLRQVIURPWKHWUDQVSRUWDWLRQVHFWRU 
+RZHYHUZLWKRXWDFOLPDWHSROLF\LQSODFHWKDWOLPLWV&2 HPLVVLRQVRQWKHHOHFWULFJHQHUDWLRQVHFWRU WKH LPSDFWRI
ZLGHVSUHDGGHSOR\PHQWRI3+(9VRQRYHUDOO86&2  HPLVVLRQV LV QRW DV FOHDU 'HSHQGLQJ RQ WKH IXHOPL[ IRU
H[SDQGHGHOHFWULFJHQHUDWLRQ WKHUHPD\EHMXVWDVOLJKWUHGXFWLRQLQWRWDOHPLVVLRQVRUFRQFHL YDEO\  HYHQ DQ RYHUDOO
LQFUHDVH 7KHLPSDFWRQWRWDO86 &2HPLVVLRQVGHSHQGVDOPRVWHQWLUHO\RQ WKHFOLPDWHSROLF\DQG LWV LPSDFWRQ
HOHFWULFLW\JHQHUDWLRQ)LJXUHVKRZV86WRWDO&2HPLVVLRQV IRU WKHVHVFHQDULRV,QWKLVDQDO\VLVWKHGHSOR\PHQW 
RI 3+(9V LQWKH&3VFHQDULRUHVXOWV LQ0W&2R IDGGLWLRQDOFRVW HIIHFWLYHHPLVVLRQVUHGXFWLRQVIURPWKH86
HFRQRP\RYHU WKH SHULRG  ± 8QGHU WKH &3 FOLPDWH SROLF\ WKH 3+(9V DUH DEOH WR SURYLGH DQ DGGLWLRQDO 
0W&2RIFRVW HIIHFWLYHHPLVVLRQV UHGXFWLRQV 7KHLQWURGXFWLRQRI3+(9V HYHQZLWKRXW  DFOLPDWHSROLF\FDQ
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 :LVH(QHUJ\3URFHGLD  ±
5HIHUHQFHV 

.LP6+ -$(GPRQGV -/XU] 6- 6PLWKDQG 0$:LVH³7KH2EMHFW RULHQWHG(QHUJ\&OLPDWH7HFKQRORJ\6\VWHPV2EM(&76
)UDPHZRUNDQG+\EULG0RGHOLQJRI7UDQVSRUWDWLRQLQWKH0LQL&$0/RQJ 7HUP*OREDO,QWHJUDWHG$VVHVVPHQW0RGHO´ 7KH (QHUJ\
-RXUQDO6SHFLDO,VVXH+\EULG0RGHOLQJRI(QHUJ\ (QYLURQPHQW3ROLFLHV5HFRQFLOLQJ%RWWRPXSDQG7RSGRZQ SS >31:' 6$
@

&ODUNH/-/XU]0$:LVH-$(GPRQGV6+.LP6 66PLWK+03LWFKHUD0RGHO'RFXPHQWDWLRQIRUWKH0 LQL&$0 &OLPDWH &KDQJH
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KWWS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